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A well-meaning hydrologist Walks

‘J\‘

into a climate change study...
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Estimating Climate Impacts to

2. Global Climate
4. Land surface Model 1. GHG

(Hydrology) Model Sl ™ Emissions
Tew Scenario

5. Operations/
impacts Models

3. “Downscaling”

Adapted from Cayan and Knowles, SCRIPPS/USGS, 2003



Selecting GCM runs: “Bookends”

Brackets range of uncertainty
Useful where impacts models are

1: BCC-CM1
com p | ()¢ 2: BCCR-BCM2.0
e 3: CCSM3
Downscale output from few GCMs & 4: 0BOM3.1T47)
\ g 5: CGCM3.1(Ted)
3 6: CNRM-CM3
Lo 7: CSIRO-MK3.0
MuLti-MopDEL AVERAGES AND ASSESSED RANGES FOR SURFACE WARMING X 4 - 8: ECHAMS/MPI-OM
= ey o T 9: ECHO-G
At £ G 10: FGOALS-g1.0
Year 2000 Constant ol - e
g Concentrations "
g 20th century e
o 13: GISS-AOM
£ 14: GISS-EH
g 16: GISS-ER
g 16: INM-CM3.0
? 17: IPSL-CM4
g Lt 18: MIROC3 2 fhires)
O , 19: MIROC3.2({medr=s)
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Bookend results for California

CA average annual
temperatures for 3
30-year periods

Amount of warming
depends on our GHG |
emissions at end of 21s Esors
century. e e
High ki
-4 Higher h B
Summer temperatures
increases (end of 21st o i
century) vary widely: . |
— Lower: 3.5-6 °F R
— Higher: 6-10.5 °F
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Downscaling: bringing global signals to

GCM scale and

processes at too |Fgiiieet. -

coarse a scale

Resolved by:

—-Bias Correction:
-Spatial Downscallng

reglonal scale
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BCSD Method — “BC”’

At each grid cell for “training” period,
develop monthly CDFs of P, T for

— GCM _

— Observations (aggregatedto-GCM scale)
— Obs are from Mayr"e?'fet al. [2002]

Use quar}tilfé' mapping to ensure
monthly statistics (at GCM scale)
match obs

Apply same quantile'ma
‘pr;cf)j'_e;éffed” period
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climate model forecast output from climate model climatology



Downscaling for Hydrology Impact
Modeling

Raw

BCSD downscaling GCM
of GCM Precip and

Temp

Use to drive VIC
m O d e I Variable Infiltration Capacity (VIC)

Obtain runoff; - o L G -
streamﬂow snow . |




Projected Impacts: Loss of Snow

Snow water in reserve on April 1

Change (Sacramento-San Joaqum basm 2

GCMs, 2 emissions scenarios): .
-12% to -42% (for 2035—2064) (up to 1 Lake Shasta)

-32% to -79% (for 2070-2099) (up to; 2 Lake Shastas)

Decreasing California Snowpack

Historical Average (1961-1990) 2070-2099

Lo werw arming Range Medium Warming Range
Cli Drier Chi

Ref: Luers et al., 2006, ~0 e 30

CEC-500-2006-077 TR GFDL CM2.1 results




Some Agency and Organizational Responses
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IPCC CMIP3 GCM Simulations

MuLti-MoDEeL AVERAGES AND ASSESSED RANGES FOR SURFACE WARMING
1

A2

20th century through 2100 and beyond = BREh

llw

Multiple Future Emissions Scenarios | I
Aisaay ) WCRP CMIP3 Multi-Model Data R D

- multiple realizations 1900 2000 2100

Plentrl PDcntrl 20C3M Commit | SRESA2 | SRESAIB | SRESB1 1%t02x 1%todx Slabcntl 2xC02 AMIP

1 realization

BCC-CM1, China :
BCCR-BCM2.0, Norway
CCSM3, USA 9 g
CGCM3.1(T47), Canada :
CGCM3.1(TB3), Canada
CNRM-CM3, France
CSIRO-Mk3.0, Australia
CSIRO-Mk3.5, Australia
ECHAMS/MPI-OM, Germany
ECHO-G, Germany/Korea
FGOALS-g1.0, China
GFDL-CM2.0, USA
GFDL-CM2.1, USA
GISS-AOM, USA

GISS-EH, USA

GISS-ER, USA

INGV-SXG, ltaly

INM-CM3.0, Russia
IPSL-CM4, France

MIROC3 2(hires), Japan
MIROC3.2(medres), Japan
MRI-CGCM2.3.2, Japan
PCM, USA : : 4 :
UKMO-HadCM3, UK N A
UKMO-HadGEM1, UK
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Multi-Model Ensemble Projections for
Feather River

Feather R at Oroville 2071-2100

Scenario SRES-A2 Scenario SRES-B1 sIncrease Dec-Feb Flows

+77% forA2
+55% for B1

+Decrease May-Jul
T 230% for A2
-21% for B1




Impact Probabilities for Planning

1961 - 1990

2041 - 2070 2071 - 2100

Loss in Show Water Equivalent
Relative to 1961-1990 Average

99 95 S0 80 70 60 50 40 30
0%

—— 2041-2070
----- 2071-2100

Snow water equivalent on April 1, mm

o

v

+ =+ Combine many futlfel§eenarios,
< models, si QOW
which pa [ follow (22t ==
futures here) su o Nl

2/3 chance that loss will
be at least 40% by mid

century, 70% by end of

century

% Loss Projected By GCMs

-40%




Demand for downscaled data




Monthly downscaled data

PCMDI CMIP3 archive
of global projections o

16 GCMs, 3 Emissions S

Form Status (completed == green)

Submit Request ,ﬁ EE ’2—4 ’E [ﬁ[ﬁ 'ﬁ Size (%, 100 max): 1
1 1 2 G ‘ M ru n S Page 1: Products, Variables, Projections Page 2: Temporal & Spatial Extent Page 3: Analysis, Format, & Notification

Step 1.1: Products & Variables — monthly projections ?
Products

Allows quick analysis of

[WET:} degree Observed data (1950-1999) I pre ecipitation Rate (mmiday)

[T]2 degree Raw GCM projections
9 proj [7] Ave Surface Air Temperature (deg C)

L]
m u Itl A m Od e I e n Se m b I eS [C]2 degree Bias-corrected GCM projections
[7]2 degree Observed data (1950-1999)
v X Step 1.2: Emissions Scenarios, Climate Models and Runs

gdo4.uclinl.org/ T p——) ——)

downscaled lep3 proyactl S E LR EE e e

e ,V‘ WI—IJ—
Ons v o & ix\ t oL ‘ WI—I—I—
7 : : T R gtdl_cm2_0
. “* - : giss_model_e_r [#[—[—
RECLAMATION USGS . N _2 B ,i. inmem3_0 ,—,—’—
" SR e  [BO000000[BO000000BEO000000]
A CL'MATE e SYE T I [ FEGEE LI EEEEE L EEEEE
San;a.cllara m ' "., . miub_echo_g || (] [ EOE BEOE
University CENTRAL ' . m?i_echams oEe EEE oEE
SCRIPPS INSTITUTION OF OCEANOGRAPHY AP hearcsmio [EOO0O00O00[00O00 JLJLUJL
- L ncar_pcm?1 1000 108 B
PR g l—l—l—

ukmo_hadem3  |[[]



Use of U.S. Data Archive

Thousands of users downloaded >20 TB of data

Uses for Research (R), Management & Plannmg
(MP), Education (E) SRS

"w"- 3 5

Count of Subset Reqess by 1/8° location

Max. Possible =13379. Asterisks show request |IP locations.




What is missing from downscaled data
archive?

Items Requested
Daily Data
Additional Climate Variables:
Tmax/Tmin
Evapotranspitation/Potential Evapotranspiration
Surface Wind
Humidity
Solar Radiation
Surface Pressure
Cloud Cover
Derived Variables:
Runoff
SNow
Soil Moisture
Raw and intermediate data (from the downscaling process)
More resources to cope with netCDF files
Data from other downscaling methods to intercompare
Full historic data for 20* century (1900-current)

Abili a sheds (not just rectangular subsets)
Expanded spatial domain




Global BCSD

Similar to US archive, but 72-degree A1B Scenario
Publicly available since 2009 :
Captures variability among GCMs

Data accessed by users in all 50 States
and 99 countries (last 11 months on]y)

Projected Annual Precipitation Change (%)
2070- 2099 Compared to 1961 1990 Baseline



Items Requested

Daily Data
Additional Climate Vanables:
Tmax/Tmin
Evapotranspitation/Potential Evapotranspiration
Surface Wind
Humidity
Solar Radiation
Surface Pressure
Cloud Cover
Dernived Variables:
Runoff
Snow
So1l Moisture
Raw and intermediate data (from the downscaling process)

ore resources to cope with netCDF files —

Data from other downscaling methods to mntercompare .

Full historic data for 20%* century (1900-current) P‘ ¢

bility to extract watersheds (not just rectangular subsets)— ~,

Expanded spatial domain “l




Online Analysis and Download with
http://ClimateWizard.org

Level 1
— . Level 2

Clil]]ate“/iz-‘ud L \~)‘vi>\‘<.lu\

About Us FAQS Contact Us

Climate Wizard

Future hate Hodels a
Future Climate Models

Change in Average Annual Temperature 1951 - 2001

Click Graph To Entarge

. :

Kazakhst
Usboistsn
Tursmenisian

Aghanatsa
iaa M

Pavaan

3 Climate Change - Mozl Firefox

7 Temperature Difference
Animate
2050

Time Options

sot Cinimun Tomp
Francisco. "

Yo Change from Current Condit
Change from Current Conditions
. Angeles progriy o
oSan it

Priority Conservation Areas

Mean annual change at map location
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Too much information?

Little guidance in selection of: A~ ~
. . "(uﬁ'ﬁlx: ;\.‘ 25 »
Emissions AR
GCMS ) 'g{"\"i‘*;',‘.-:?l .0.4 - -

Hundreds of downscaled GCM
runs

Many |mpacts studles cannet'
use all of them _ =




Selecting Specific GCM Runs

Bivariate probability plot shows
correlation between AT, A P

Above Folsom (39.06N, 120.44W)

QOCAP Choices
o Al

|ldentify Change Range: 10 to 90
%-tile AT, AP

L
i

Select bounds based on:
risk attitude

sinterest in breadth of
changes

*number of simulations
desired v

[
i o

[ ]

Temperature Change ,°F
(2011-2040 Mean from 1971-2000 Mean)

E , : Precipitation Change (%)
Brekke et al., 2009 . _.{ e {2011-2040 Mean fram 197 1-2000 Mean)



Or use 5?

Above Millerton (37.31N, 119.06W)
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Selecting GCMs for Impact Studies

Ensemble mean provides better skKill
Little advantage to weighting GCMs according to. skill

Most important to have “ensembles of runs W/th enough
realizations to reduce the effects of naiural internal
climate variability” [Pierce et al. 2009]

Maybe 10 14 GCMS |S enough? '» 204069 CumulatwelDlstnbut[os
] SN

No Model Filtering

Filter: Al Metrics

Filter: Water Supply [ K
Filter: Hydropower -
Filter: Flood Control |
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Gleckler, Taylor, and Doutriaux, Journal of Geophysical Research| ‘ 8 C
as adapted by B. Santer PR s At



Do CMIP GCM runs capture important

uncertainties?

Perturbed physics ensembles

Is planning for the higher probability
outcomes appropriate?

: BCC-CM1
: BCCR-BCM2.0
: COSM3
: CGCMB3.1(T47)
: CGCMB3.1(Tea)
: CNRM-CM3
: CSIRO-MK3.0
: ECHAMS/MPI-OM
: ECHO-G
~ : FGOALS-g1.0
S : GFDL-CM2.0
{— : GFDL-CM2.1

: GISS-AOM

: GISS-EH

: GISS-ER

: INM-CM3.0
7: IPSL-CM4

: MIROC3 2 hiree)
9: MIROC3..2{medrse)
: MRI-CGCM2.3.2
: PCM
: UKMO-HadCM3
: UKMO-HadGEM1

[T S - SR

r
- o

A === Eq. 3 for Soden and Held, '06 .
B = = = Eq. 3for Colman, '03 -
C = Sanderson et al., 07

D = = = Eq.3fit to Sanderson et al., '07
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Roe and Baker, 2007 Climate sensitivity to 2 x CO, (°



Downscaling for Extreme Events

"

NCEP Re

Some impacts due to T
changes at short time | ¥e2g 13
scales

— Heat waves
~ Floodevents |
Dally GCM Qt‘{ ”f:
limited fop’ *' 3

1/



Most commonly requested items

I este
Daily Data
Additional Climate Variables:
~__ Tmax/Tmin
Evapotranspitation/Potential Evapotranspiration
Surface Wind
Humidity
Solar Radiation
Surface Pressure
Cloud Cover
Derived Variables:
Runoff
SNOW
Soil Moisture
Raw and intermediate data (from the downscaling process)
More resources to cope with netCDF files
Data from other downscaling methods to intercompare
Full historic data for 20* century (1900-current)
Ability to extract watersheds (not just rectangular subsets)
Expanded spatial domain




Constructed Analogues

Given daily
GCM anomaly

Library of previously | _ R
observed anomaly Coarse resolution ket
patterns: analogue: gty




Sustainable Design in a Dynamic
Environment

Declining return periods for extreme events
A solution: Overdesign for present

Northern Sierra Nevada

% change 1 50-yrs tloods (2% exceedence) 180 1

100} 160 1
140 {
120 -

100

Return period

80 1

% o
Das et al, 2012 g 40

Y , o 20 40 60 80 100
.« Mailhot and Sophie
. Duchesne, JWRPM, 2010




What is missing from downscaled data
original archive?

Items Requested

Daily Data

Additional Climate Vanables:
Tmax/Tmm _ _ _
Evapotranspitation/Potential Evapotranspiratic ol ey )
Surface Wind Grid Cell Vegetation Coverage
Hu:midity Cell Energy and Moisture Fluxes 24
Solar Radiation Downscaled data

Surface Pressure run through VIC
Cloud Cover model, now

E "’_.S "','
. T 14 . . . . Variable Infiltration Curve
Derived Variables: / available A = -A)
_— Runoft - : TR

SNOW

~——__ Soil Moisture —
Raw and mtermediate data (from the downscaling pro M

Infiltration Capacity

Basefiow Curve

Data from other downscaling methods to mntercompar
Full historic data for 20* century (1900-current) ) :
Ability to extract watersheds (not just rectangular sub &) A, ” W
Expanded spatial domain Laser Sot Mastur. 1




Archive expansion (still CMIP3)

Daily downscaled data
Hydrology model output

BCSD-CMIP3-Climate-monthly BCCA-CMIP3-Climate-daily BCSD-CMIP3-Hydrology-monthly

Enter specifications on three page form below. Then press "Submit Request'.

Form Status (completed == green)

Submit Request m m lﬁ [2—4 E lﬁ [ﬁ [ﬁl Size (%, 100 max): 1
BCSD-CMIP3-Climate-monthly BCCA-CMIP3-Climate-daily BCSD-CMIP3-Hydrology-monthly Page 1: P i Projecti Page 2: Temporal & Spatial Extent Page 3: Analysis, Format, & Notification
- i — jecti 2
Enter specifications on three page form below. Then press "Submit Request'. ? Step 1.1: Variables = monthly projections :
| Precipitation (mm/m) Total runoff (mm/m)

Form Status (completed == green)

i Size (%, 100 max): 1 I Maximum Air Temperature (deg C) [T Evapotranspiration - Actual (mm/m)
_ SubmitRequest | =] e : . ? , ?

. Minimum Air Temperature (deg C) Evapotranspiration - Potential, natural veg (mm/m)
Page 1: Products, Variables, Projections Page 2: Temporal & Spatial Extent Page 3: Analysis, Format, & Notification O IWind Speed (mis) Evapotranspiration - Potential, open water (mm/m)
- ye ISoil Moisture Content (mm — 1st day of month) || Evapotranspiration - Potential, tall reference (mm/m)
R . o > - | Snow Water Equivalent (mm - 1st day of month) [ Evapotranspiration - Potential, short refernece (mm/m)
Step 1.1: Products & Variables — daily projections 2
Products < \ Step 1.2: Emissions Scenarios, Climate Models and Runs ?
- 31/8 degree BCCA projections Vanab'_e_s _ - - IDe-selem all runs | None ‘ | None ‘ | None ‘
11/8 degree Observed data (1950-1999) Precipitation Rate (mm/day) -
2 degree Raw GCM projections Min Surface Air Temperature (deg C) . Selectall runs All ‘ Al ‘ All ‘
|2 degree Bias-corrected GCM projections || Max Surface Air Temperature (deg C) B g Climate Models: Emissions Path: A1b Emissions Path: A2 Emissions Path: B1
12 degree Observed data (1950-1999) ‘ |bccr bem?2 0 | | [ | [
o . . ™ 3_1
Step 1.2: Emissions Scenarios, Climate Models and Runs ? § ccema.cgems.
~N cnrm_cm3
»
|De—select all runs | None ‘ | None ‘ | None ‘ oy csiro_mk3_0
e ”
|Se|ectall runs | All ‘ | All ‘ | All ‘ d'("" ofdl_cm2_0
[ Climate Models: [ Emissions Path: AT |  Emissions Path: A2 | Emissions Path: B1 ) gfdl_cm2_1
[ecema_cgema_1 [0 O ElElE [DO oA giss_model_e_t
~ ~ ~ ' o inmem3_0
Icnrm_cmS I I I A .
(" ipsl_cm4
oraem2 0 |[D =] | v v
. miroc3_2_medres.
[ofai_cma_1 | [ I
5 miub_echo_g
ipsl_cm4 =
mpi_echam5
miroc3_2_medres mri_cgcm2_3_2a
[miub_echo_g  |[CTET [ ([BEHE ([BEE Ep—
|mpi_echam5 | | | > ncar_pcm1
[mri_cgem2_3_2a [0 0 £ O EEEEE ElEEEE Y kmo_hadcma




Is bias correction effective?

Projected

a
[=] " (] .
£ Biases vary initime,
v
5 .
2 space,.at quantiles
c v
2 ey
o~
0.0 - =L
10 15 20 25 30 35 40 45 10 15 20 25 30 35 40 45 00 05 10 15 20 25 30
Tmax, °C Tmax, °C ATmax, °C
Ay
. ‘e

Base Set Bias ~ Base-Projccted Bias

On average, bias correction ~ | ‘ . |
works | e ; Vo A

But for small ensembles
maybe not |

!'?‘f ", - v A\ 3 - -2.0-1.5-1.0-0.5 0.0 0.5 1.0 1.5 2.00.00 0.25 0.50 0.75 1.00 1.25 1.
’ - o - ATmax,’C i
o 4 A - . T



CMIPS5 additions to archive

* Monthly downscaling of Tmax, Tmm
Precip for: ‘ g;;;ﬁ,*-\‘_.
— 84 historical GCM runs '
— 237 pro;echons (total for

+ Daily couiiin v R




Does CMIP3 or CMIPS5 choice

matter?
Ensemble average changes comparable

RCP8.5 and SRES A2 comparable

PR .
£ . l\l_ . .

sresa2 rcp8s rep85-sresa2 sresa2 rep8s rcp85-sresa2
2040-2069 2040-2069 2040-2069 y 2040-2069 2040-2069 2040-2069

2070-2099 - 2070-2099 - _' ‘ "= 2070-2099 2070-2099

100 125 50 25 0 25 50
ATavg, °C ATavg, °C : <k : ‘ APrecip, % APrecip, %




Model Spread

Differences in model spread between
MIP3 and CMIPS varies by location

rep8 sresa.

Flagstaff, AZ

20
P
.
4
.
A~
-
- 5
. 2040 2080 1960
2080 1960 2040 - Bismarck, ND
Bismarck, ND 2 s
"’
£ . R
»
Sy ‘ ) 2040 2080 1960
2080 1960 2040
Austin, TX
re

2080
2080 19 2040 e

Albany, NY

2080 2040 2080 2040

Models

Models
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Information overload overload

» If 112 GCM projections wasn't too much,
Is 5007 A







